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Recent experiments find the signal of giant nonlocal resistance RNL in H-shaped graphene samples
due to the spin/valley Hall effect. Interestingly, when the Fermi energy deviates from the Dirac point,
RNL decreases to zero much more rapidly compared with the local resistance RL, and the well-known
relation of RNL ∝ R3L is not satisfied. In this work, based on the non-equilibrium Green’s function
method, we explain such transport phenomena in the H-shaped graphene with Rashba spin-orbit
coupling. When the Fermi energy is near the Dirac point, the nonlocal resistance is considerably
large and is much sharper than the local one. Moreover, the relationship between the Rashba effect
and the fast decay of RNL compared with RL is further investigated. We find that the Rashba
effect does not contribute not only to the fast decay but also to the peak of RNL itself. Actually, it
is the extremely small density of states near the Dirac point that leads to the large peak of RNL,
while the fast decay results from the quasi-ballistic mechanism. Finally, we revise the classic formula
RNL ∝ R
3
L by replacing RNL with RHall, which represents the nonlocal resistance merely caused
by the spin Hall effect, and the relation holds well.
PACS numbers: 71.70.Ej, 72.10.-d, 73.23.-b, 85.35.-p
I. INTRODUCTION
Nonlocal measurement refers to the detection of a volt-
age signal outside the path, along which charge current
is expected to flow. One way to generate the nonlo-
cal voltage is to modify the charge current path away
from the classic Ohmic mode1–3. For instance, in the
quantum Hall regime, the current transports along edges
while the bulk is insulating4. Another important way for
the generation of the nonlocal voltage is to induce cur-
rent with other degrees of freedom (i.e. spin/valley), so
that the current direction will deviate from the exciting
field. Since the nonlocal voltage always originates from
nontrivial physics that is not easy to detect directly, the
nonlocal measurement has now become a powerful tool
to discover such kinds of electromagnetic phenomena in
many novel materials5–10.
Spin Hall effect (SHE) is a phenomenon arising from
the spin-orbit coupling in which charge current passing
through a sample leads to spin transport in the trans-
verse direction11–16. Since only the electron spin, rather
than the electron charge, accumulates during the spin
transport process, it is always difficult to observe the
SHE with local measurements. Fortunately, with the
method of nonlocal measuring, a large nonlocal resis-
tanceRNL was reported near the Dirac point in H-shaped
graphene sample5,6, which confirms the existence of the
SHE. Moreover, the nonlocal measurement was also used
to detect valley Hall effect (VHE)7–10, whose transport
mechanism is similar to the SHE, and a giant nonlocal
resistance can be observed as well.
Abanin et al. developed a theory to discuss the origin
of the above-mentioned nonlocal resistance17. In their
paper, they demonstrated that the relationship between
the nonlocal resistance RNL and the local resistance RL
can be described by a simple function of RNL ∝ σ
2
xyR
3
L,
where σxy is the spin Hall conductance. However, this
equation remains difficult to explain some experimental
results. Specifically, besides the giant peak of RNL, peo-
ple also find another interesting phenomenon that, com-
pared with RL, RNL decays much more rapidly when
Fermi energy deviates from the Dirac point. We consider
Fig.1(b) of Ref.[7] as an example. When Vg = 1V, the
red line of RNL has already collapsed to zero, whereas
the black line of RL is still finite. This novel phenomenon
seems to be inconsistent with Ref.[17], because the zero
value of RNL can not be proportional to R
3
L, which de-
serves further explanations.
Recently, with an extrinsic perpendicular electric field,
Chen’s group at Peking University also detected a non-
local voltage signal in an H-shaped graphene sample18.
When the Fermi energy deviates from the Dirac point,
the nonlocal resistance shows analogous behavior that
RNL decreases to zero much more quickly than RL. This
experimental work motivates us to study the nonlocal re-
sistance numerically by considering standard monolayer
graphene with an extrinsic Rashba effect. Firstly, in
an H-shaped four-terminal system, we obtain RL and
RNL by means of the non-equilibrium Green’s function
method, where the numerical results exhibits the same
properties as the experimental findings, namely, a giant
peak and an obviously fast decay of the nonlocal resis-
tance by tuning the Fermi energy. Secondly, we find
that RNL can be negative in a certain region. This
phenomenon implies the existence of the quasi-ballistic
2transport mechanism, which was observed previously19.
Therefore, we conclude that RNL consists of three parts:
Rballistic due to the ballistic mechanism, Rclassic from the
classic diffusion and RHall from the SHE. Since the neg-
ative value of Rballistic locates around the Dirac point, it
is possible that the quasi-ballistic mechanism contributes
to the fast decay of RNL. Thirdly, in order to further in-
vestigate the relationship between this fast decay and the
Rashba effect, we study a six-terminal system and obtain
the nonlocal resistance RHall which is only caused by the
SHE. Surprisingly, the results show that RHall equals to
zero at the Dirac point. Since the SHE always makes a
nonnegative contribution to RNL, we conclude that there
is not any relationship between the Rashba effect and the
fast decay of RNL. In fact, it is the extremely small den-
sity of states (DOS) near the Dirac point and the quasi-
ballistic mechanism that lead to the large peak and the
fast decay of RNL, respectively. Moreover, the Rashba
effect itself actually plays a negative role in the fast de-
cay of RNL. Finally, with the spin Hall conductance
σxy calculated in a four-terminal system, we modify the
previous theoretical formula RNL ∝ σ
2
xyR
3
L by replacing
RNL with RHall, and find that this revised formula holds
well for the present case.
The rest of this paper is organized as follows. In Sec.II,
we numerically calculate the local and nonlocal resistance
in an H-shaped four-terminal system. Then, in Sec.III,
we study a six-terminal system to obtain the nonlocal
resistance which is merely caused by the SHE, and com-
pare it with the previous theoretical prediction. Finally,
a conclusion is presented in Sec.IV.
II. H-SHAPED FOUR-TERMINAL SYSTEM TO
STUDY NONLOCAL RESISTANCE
1 2 1 2 3 2M…2N+1…
Lead 1 Lead 3
Lead 4Lead 2
1 2 2P+1…
1
2
Q
…
FIG. 1: (Color online) The schematic diagram of the proposed
H-shaped four-terminal system. The current is injected into
lead 1 and flows out of lead 2. The voltage signal is obtained
between leads 1 and 2 for the local resistance, and is derived
between leads 3 and 4 for the nonlocal resistance. The rect-
angle, denoted by the black dashed line, is the center region.
We first consider an H-shaped four-terminal system
to simulate the nonlocal measurement20, where the
schematic diagram is shown in Fig. 1. Due to the strong
external electric field, the tight-binding Hamiltonian can
be written as:
H =
∑
i
ǫic
†
i ci + t
∑
〈ij〉
c†i cj + iλR
∑
〈ij〉
c†i (s× dˆij)zcj , (1)
where c†i and ci are the creation and annihilation opera-
tors, respectively, at site i, ǫi is the on-site energy, and λR
is the strength of the external Rashba effect. The on-site
energies of the four terminals are chosen as ǫ1,2,3,4 = ǫUD
to simulate metallic leads, which can be controlled by
the gate voltage. The disorder only exists in the central
region and is modeled by Anderson disorder with the on-
site energies being uniformly distributed in [−w/2, w/2],
where w is the disorder strength. The schematic diagram
of the central region is described by parameters M,N,P
and Q. For instance, figure 1 shows a system with
M = 3, N = 2, P = 4 and Q = 3. Therefore, the system
has 2Q[(2N+2)+(2P+1)+(2M+1)+(2P+1)+(2N+2)]
carbon atoms in total.
The current flowing through the four-terminal system
can be calculated from the Landauer-Büttiker formula:
Ii =
e
h
∑
j
´
dǫTij(ǫ)[fi(ǫ)− fj(ǫ)], where fi(ǫ) = 1/{1 +
exp[(ǫ − µi)/kBT ]} is the Fermi distribution function in
the ith lead. After applying a small electric field between
the leads, the chemical potential of lead i becomes µi =
EF + eVi. At zero temperature, the former formula can
be simplified as:
Ii =
e
h
∑
j
ˆ
dǫTij(ǫ)[θ(EF + eVi − ǫ)− θ(EF + eVj − ǫ)]
=
e
h
∑
j
ˆ EF+eVi
EF+eVj
dǫTij(ǫ)
=
e2
h
∑
j
Tij(EF )(Vi − Vj), (2)
where Tij(ǫ) = Tr(ΓiG
rΓjG
a) is the transmission coeffi-
cient with the linewidth functions Γi = i(Σ
r
i − Σ
a
i ), and
the Green’s function Gr(ǫ) = [Ga(ǫ)]† = 1/(ǫ−Hcenter−
Σri −Σ
r
j). Here, Σ
r
i is the retarded self-energy due to the
coupling to the lead i, and Hcenter is the Hamiltonian
in the central region. After obtaining Tij , the current I1
and the voltage V3,4 can be further deduced according
to Eq. (2) under the conditions of V1 = −V2 = V and
I3 = I4 = 0. At last, the local and nonlocal resistance
can be calculated21,22. To be specific, the local resistance
is defined as: RL = (V1 − V2)/I1, and the nonlocal resis-
tance is defined as: RNL = (V3 − V4)/I1.
Throughout this work, we take the nearest hopping
energy t ≈ 2.75eV as the energy unit. In the following
calculation, the value of the on-site energy ǫUD is testified
in the energy bands of zigzag ribbons, in order to simulate
four metallic leads. The size parametersM , N , P and Q
are chosen as M = 30, N = 30, P = 100 and Q = 100.
This indicates that the size of the model we calculated
3is about 73nm × 42nm.23 In the presence of Anderson
disorder, the resistance has been averaged over 50 times.
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FIG. 2: (Color online) The local RL and nonlocal resistance
RNL are drawn in the blue and red line, respectively. (a)
λR = 0; (b) λR = 0.1; (c) λR = 0.2; (d) λR = 0.3. The
Anderson disorder strength is chosen as w = 1. In order
to make the comparison clear enough, the value of RNL is
amplified by 7.5 times.
In Fig. 2, we show the local resistance (blue lines) and
the nonlocal resistance (red lines) as a function of the
Fermi energy EF . From Fig. 2(a) to 2(d), the Rashba
spin-orbit strength λR increases from λR = 0 to λR =
0.3, while the other parameters remain unchanged. As
we can see, there are three main features in these four
figures.
Firstly, the nonlocal resistance exhibits negative value
in Fig. 2(a). Such “negative” means that when the cur-
rent flows from lead 1 to lead 2, the voltage detected on
lead 3 is surprisingly lower than that on lead 4. A simi-
lar behavior can also be found in Fig. 2(b) that a pair of
dips exist at about EF = ±0.1, though their values are
not negative. This phenomenon can be explained by the
quasi-ballistic transport mechanism which was first pre-
dicted in experiments19. Specifically, the charge carriers
injected into lead 1 can flow directly to lead 4 without re-
turning back to lead 2. This indicates that we can detect
a positive voltage on lead 4 and a negative voltage on
lead 3, which means the value of the nonlocal resistance
is negative. Therefore, as shown in Fig. 3, we conclude
that the nonlocal resistance RNL consists of three terms:
RNL = Rballistic +Rclassic +RHall. (3)
Here, the first part Rballistic stands for the ballistic trans-
port mechanism we discussed above. The second part
Rclassic represents the classical diffusion. And the third
part RHall originates from the spin-orbit coupling term
of Eq. (1), where the electron current flowing along the
left vertical wires generates a perpendicular spin current
due to the SHE, and is finally converted to the electron
current in the right vertical wires due to the inverse spin
Hall effect (ISHE).
Secondly, both the local and nonlocal resistance are
symmetric about the line of EF = 0 and reach their max-
ima at EF = 0. Importantly, similar to the findings in
previous experiments, the nonlocal resistance RNL col-
lapses to zero much more rapidly compared with the lo-
cal resistance RL. In other words, the full width at half
maximum (FWHM) of the nonlocal resistance is much
smaller than that of the local resistance. For example,
we can see from Fig. 2(c) that the nonlocal resistance
is decreased to nearly zero and is maintained at about
RNL = 0.04h/e
2 when |EF | > 0.2, while the local resis-
tance RL is still decreasing. This phenomenon is contra-
dictory to the known formula17:
RNL ∝ σ
2
xyR
3
L, (4)
where σxy is the spin Hall conductance. In fact, it seems
that this contradiction can be partially explained by our
analysis on the negative nonlocal resistance. Specifically,
the original value of the nonlocal resistance is RHall,
which satisfies Eq. (4). And Rclassic may result in a large
peak near EF = 0 due to the extremely small DOS at the
Dirac point. Moreover, according to Eq. (3), there must
exist an additional termRballistic toRNL. Since the value
of Rballistic is negative, it is natural that RNL decays to
zero much more rapidly than the theoretical prediction
as shown Eq. (4).
Thirdly, according to the known literatures, most of
them attribute the fast decay of the nonlocal resistance
to the SHE or the VHE. Although our model is not ex-
actly the same as those in the known literatures, it is rea-
sonable for us to make the same assumption. However,
by inspecting Fig. 2, the only phenomenon we can find
between the nonlocal resistance and the SHE is that the
negative nonlocal resistance becomes weaker and weaker,
and gradually disappears with the increase of the spin-
orbit coupling strength λR. Correspondingly, the shrink-
ing speed slows down as well. Namely, we can only expect
that the SHE mainly affects the value of RNL around
EF = ±0.1. Therefore, only Fig. 2 itself is not enough
for us to fully understand the underlying mechanism be-
tween the nonlocal resistance and the SHE. Actually, we
do not even know whether the fast decay of the nonlo-
cal resistance has any relationship to the SHE. There-
fore, it is necessary for us to obtain pure RHall besides
RNL shown in Fig. 2. One simple way is to take RNL
in Fig. 2(a) with λR = 0 as a reference line, and we
then subtract this reference line from RNL(λR) to obtain
RHall(λR) = RNL(λR)−RNL(0). However, after making
this attempt, we find that the result is messy and dis-
ordered, indicating that the ballistic transport and the
classic diffusion are also affected by the SHE. Therefore,
we cannot simply take Fig. 2(a) as a reference line to cal-
culate RHall, and we further consider a different system
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FIG. 3: (Color online) The schematic diagram for three kinds of transport mechanisms. The electron current is injected into
lead 1 and then flows out of lead 2. The red line stands for the quasi-ballistic transport mechanism Rballistic, which makes a
negative contribution to RNL. The yellow line represents the classic diffusion Rclassic. And the green line denotes the spin Hall
transport RHall. Arrows indicate the direction of the electron current which is injected into lead 1.
to investigate the Rashba effect in the next section.
III. NEWLY DESIGNED SIX-TERMINAL
SYSTEM TO STUDY THE EXTERNAL RASHBA
EFFECT
Spin Up(Down)Spin Down(Up)
Lead 1 Lead 3
Lead 4Lead 2
Lead 3ÿ
Lead 4ÿ
FIG. 4: (Color online) The schematic diagram of the proposed
six-terminal system. Newly added lead 3’ and lead 4’ locate
at a mirror symmetry to lead 3 and lead 4. If the spin up
(down) current injected into lead 1 transports along the red
line, the spin down (up) current must follow the yellow line.
In order to further study how the external Rashba ef-
fect affects the nonlocal resistance, we investigate the
transport properties of a six-terminal system, as shown
in Fig. 4, instead of the H-shaped four-terminal one. The
only difference between Fig. 4 and Fig. 1 is that we add
two leads (lead 3’ and lead 4’) at the left side of lead 1
and lead 2, and keep them at the mirror sites of lead 3
and lead 4. If a spin up current is injected into lead 1,
e.g., by adding a ferromagnetic lead, we can detect volt-
age signals V34↑ on lead 3 and lead 4. Then the nonlocal
resistance is written as:
RNL↑ = Rballistic↑ +Rclassic↑ +RHall↑. (5)
Similarly, regarding a spin down current, the voltage V34↓
is detected and the nonlocal resistance is expressed as:
RNL↓ = Rballistic↓ +Rclassic↓ +RHall↓. (6)
Since the ballistic transport and the classic diffusion have
no relationship to the spin direction, the nonlocal resis-
tance Rballistic and Rclassic caused by these two mech-
anisms must be the same along the two different spin
directions, i.e., Rballistic↑ = Rballistic↓ and Rclassic↑ =
Rclassic↓. Therefore, with the detected RNL↑ and RNL↓,
we can easily remove the perturbations of the ballistic
transport and the classic diffusion based on this two-step
proposal. Finally, we can obtain the pure result caused
by the Rashba effect as:
RHall↑ −RHall↓ = RNL↑ −RNL↓. (7)
Although we have not obtained RHall↑↓, we will prove
that |RHall↑ − RHall↓| itself demonstrates the value of
RHall↑↓ in the next paragraph. In fact, the most advan-
tage of this six-terminal system is that when the spin up
current is injected into lead 1, we can also detect voltage
signals V3′4′↑ between leads 3’ and 4’, besides that be-
tween leads 3 and 4. According to the symmetric anal-
ysis, V3′4′↑ should be equal to the voltage V34↓ between
leads 3 and 4 with the spin down current. Therefore, we
can easily obtain RHall↑ − RHall↓ by one step without
changing the magnetization direction of lead 1, which is
very important in the realistic experiments. From now
on, for clarity, we always consider the spin currents along
the two directions, though both the numerical calcula-
tions and experiments need only one kind of spin currents
in reality.
In Fig. 5(a), we first show the local resistance RL
calculated according to the above proposal. Since the
local resistance has no relationship to the SHE and is
not sensitive to the spin direction, the local resistances
in the two different spin directions exhibit almost the
same behavior. Then, in Fig. 5(b), we show the nonlo-
cal resistance RNL↑ and RNL↓, which reflect the non-
local resistance purely caused by the SHE. It is clear
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FIG. 5: (Color online) (a) The local resistance RL for two
spin directions. (b) The nonlocal resistance RNL for two spin
directions. And the inset is the spin Hall conductance σxy. (c)
The black line is calculated based on RNL↑−RNL↓. Since the
numerical error results in dramatic oscillation of RNL↑−RNL↓
near EF = 0, we add a red dashed line to describe the accurate
behavior of RNL↑ − RNL↓ near the Dirac point. At last, the
blue line represents RHall that equals to the absolute value of
the black line, and the fix in red line is also considered. (d)
RHall calculated based on Eq. (4).
that both RNL↑ colored by blue and RNL↓ colored by
red are asymmetric. RNL↑ with EF < 0 is smaller than
that with EF > 0, and RNL↓ shows the opposite be-
havior. According to the discussion of the Hall effect
part in Eq. (3), the above phenomenon can be explained
by the spin Hall conductance σxy
24, which is calculated
in a four-terminal system and is shown in the inset of
Fig. 5(b). Specifically, σxy is antisymmetric about the
original point: σxy(EF ) = −σxy(−EF ) and σxy > 0
when EF > 0. As we all know, the sign reversing of σxy
denotes the direction conversing of the SHE. That is to
say, if we assume that the spin up current turns left with
a positive σxy through the SHE (other conditions can be
analyzed similarly), the spin up current injected into lead
1 will turn left as described by the red line in Fig. 4 when
EF > 0. Thus, the spin up current will contribute to V34
and be reflected in RNL through the SHE. This also tells
us that, when EF < 0, the spin up current will turn right
as descried by the yellow line in Fig. 4, which means we
can hardly detect its signal caused by the SHE on leads
3 and 4. While for Fig. 5(b), since RNL↑ of EF < 0 is
smaller than that of EF > 0, we can conclude that it is
spin up current that turns left when EF > 0 as described
by the red line in Fig. 4. Correspondingly, the spin down
current will turn left when EF < 0, just as the red line in
Fig. 5(b). Therefore, the nonlocal resistance for the spin
up current in the region of EF < 0 and the spin down
current for EF > 0 can be regarded as the reference line
without the SHE. In other words, we can obtain RHall
just by subtracting RNL↑ from RNL↓ when EF < 0 and
subtracting RNL↓ from RNL↑ when EF > 0:
RHall = |RHall↑ −RHall↓| = |RNL↑ −RNL↓|. (8)
Since Eq. (4) only considers the SHE without any other
effects, RNL in Eq. (4) should be replaced by RHall ac-
tually. In Fig. 5(c), we first draw the nonlocal resis-
tance RHall colored in black based on RHall↑ − RHall↓.
The drastic oscillation around EF = 0 mainly results
from the numerical errors, because the values of RNL↑↓
around EF = 0 shown in Fig. 5(b) are very sharp, and
a small error seems aggravating in Fig. 5(c). Accord-
ing to Fig. 5(b), σxy equals to zero at EF = 0, which
means there exists no SHE at the Dirac point. Thus,
RNL should not be sensitive to the spin direction, and
RNL↑ must be equal to RNL↓ at EF = 0. Hence, the
accurate value of RHall↑ − RHall↓ should follow the red
dashed line drawn in Fig. 5(c), which connects the two
peaks and passes through the origin. Then, in order to
further justify our results, we also calculate RHall with
the local resistance RL and the spin Hall conductance
σxy according to Eq. (4) in Fig. 5(d), and compare these
two figures obtained by the two different methods. As
we can see, after folding Fig. 5(c) by calculating the ab-
solute value of RHall↑ − RHall↓, as shown by the blue
line in Fig. 5(c), the general behaviors of the two blue
lines in Fig. 5(c) and 5(d) look the same. The minor
difference may be caused by the proportional signal in
Eq. (4), which may contain parameters sensitive to the
Fermi energy. Importantly, we find that RHall = 0 for
EF = 0, which means the peak of the nonlocal resistance
shown in Fig. 2 has no relationship to the SHE. In con-
trast to our previous prediction, this phenomenon also
means the rapid shrinking of RNL with the deviation of
EF compared to RL is not caused by the Rashba effect.
Moreover, in Fig. 5(c) and 5(d), we find there exist a
pair of peaks around EF = ±0.1, which originates from
the Rashba effect. Thus, it is natural that the stronger
the Rashba effect is, the more obvious the peaks become.
Now, we can explain the third feature of Fig. 2 in Sec.II.
As shown in Fig. 2, the negative nonlocal resistance ap-
pears around EF = ±0.1, which is exactly where the
peaks of RHall locate. Thus, it is the peak of RHall that
counteracts the negative value of the nonlocal resistance
RNL. As a result, we find that the negative value of RNL
gradually disappears with the increasing Rashba effect,
as shown in Fig. 2.
To summarize, with the calculated RHall and further
analysis, we first conclude that the large peak of the non-
local resistance at EF = 0 has no relationship to the
Rashba effect. Actually, it is possible that this large peak
mainly originates from the extremely small DOS of the
monolayer graphene at the Dirac point. Similar to our
results, not long ago, several groups also doubted the di-
rect connection between the peak of RNL and the SHE
as assumed in early papers25–27. Then, we know that the
fast decay of the nonlocal resistance is not caused by the
6Rashaba effect as predicted. Considering Sec.II, it is the
negative Rballistic caused by the ballistic transport that
leads to this interesting phenomenon. Moreover, since
there exists one pair of RHall peaks at EF = ±0.1 where
the negative dip of Rballistic locates, the Rashba effect
itself actually plays a negative role to the fast decay of
the nonlocal resistance. That is also why we find the
tendency of the rapid shrinking of RNL becomes weaker
and weaker in Fig. 2.
IV. CONCLUSION AND DISCUSSION
In conclusion, using the non-equilibrium Green’s func-
tion method, we obtain the local and nonlocal resistance
in an H-shaped graphene, similar to the real experiments.
Specifically, there does exist a large peak of the nonlo-
cal resistance RNL at the Dirac point. In particular,
we do find RNL decreasing much more quickly than RL
when the Fermi energy deviates from the Dirac point.
Besides, we have proven that the total nonlocal resis-
tance RNL stems from three kinds of mechanisms: the
ballistic transport Rballistic, the classic diffusion Rclassic
and the SHE RHall. After a further calculation of a six-
terminal system, we conclude that the peak of RNL and
its rapid decrease do not result from the Rashba effect,
but originate from the small DOS near the Dirac point
and the ballistic transport, respectively. Moreover, the
Rashba effect itself actually plays a negative role in this
rapid decrease. The whole physical pictures behind can
be concluded as: first, because of the extremely small
DOS, there exists a giant peak of the nonlocal resistance
at the Dirac point; then, due to the ballistic transport
mechanism, the negative value of Rballistic leads to the
fast decay of RNL; and finally, RHall originating from
the SHE will offset this fast decay somewhat.
Though lots of experiments found the signal of gi-
ant nonlocal resistance RNL, which decreases much more
rapidly compared with the local resistance RL, in an H-
shaped graphene, and attributed them to the spin/valley
Hall effect, we give a numerical simulation presenting an
explanation different from the previous prediction. Here,
we have to emphasize that this difference does not mean
that all previous conclusions obtained from the experi-
ments are incorrect, because the model, the sample size
and the spin-orbit coupling we use might be different.
Finally, the six-terminal method proposed in this work
is very helpful to study the underlying mechanism of
transport with the SHE, because the SHE itself is al-
ways mixed with and not easy to be separated from other
mechanisms, such as the classical diffusion etc.
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